INTRODUCTION
The northern shrimp, or pink shrimp, Pandalus borealis (Kröyer, 1861) is a commercially important crustacean found in the northern hemisphere and at depths generally between 50-500 m. The fishery for Pandalus borealis is the second largest for shellfish comprising around 350,000 metric tons per year (Bergström, 2000) . We now have sequenced the whole mtDNA genome for this species; this adds to the 800þ metazoan whole mitochondrian genomes to be found on Genbank. Of these, there are 108 from arthropods and 30 from crustaceans; the crustaceans are listed in Table 1 . Most metazoan animal mitochondria have circular genomes with a size from 14 to 42 kbp (Wolstenholme, 1992) . Almost all of them contain the same 37 genes; 13 protein coding genes (COI, COII, COIII, ATP 6, ATP 8, NAD1, NAD2, NAD3, NAD4, NAD4L, NAD5, NAD6, CytB), 2 rRNA (12S and 16S, also called s-rRNA and l-rRNA respectively), 22 tRNA genes, and a non-coding region sometimes referred to as the Control Region (CL). However, the gene order sometimes differs, which is considered a very rare event over the metazoan lineage (Boore et al., 1998) , and should therefore be a useful tool in deep phylogenetic analyses. Comparing different whole mitochondria should also help us to decide what regions to use in different cases, such as in phylogenetic, population genetic, and phylogeographic studies.
MATERIALS AND METHODS
We used one single specimen of Pandalus borealis collected in April 2002 in the Barents Sea at 738409N, 358099E at a depth of 249 m. The specimen is available at Goteborg Natural History Museum, acc no: GNM Gen. cat. 2005-21.473 Crustacea 17.076. The DNA was extracted from a small piece of tissue from the muscles of the pleon using a QIAGEN Dneasy Tissue Kit following the suppliers instructions. The universal crustacean primers have been used successfully in a recent study (Hwang et al., 2001 ) because a long PCR did not work in this case. Instead, the sequencing was based on a set of primer pairs: LCO1490 and HCO2198 (Folmer et al., 1994) , 16S 1471 and 16S 1472 (Crandall et al., 1996) for 12S L13337-12S and H13845-12S (Machida et al., 2002) and for Cytb L10061-CYB and H10699-CYB (Yamauchi et al., 2002 and Machida et al., 2002) . Specific primers were designed based on these sequences, and the whole mitochondrion was covered using 10 overlapping PCR-fragments and further sequencing with a primer walking strategy. Detailed primer information can be obtained from the corresponding author. Takara LA Taq was used in all reactions following suppliers instructions and PCR was performed on a MJ Research PR-100 thermal cycler mainly under the following conditions: 2 min at 948C (alt 928C) followed by 39 cycles of 30 s at 948C (alt 928C), 30 s at 45-558C and 2-5 min at 728C. The final elongation step 7-10 min at 728C. Length of the PCR product was checked on a 1.0% agarose gel stained with ethidium bromide for detection via ultraviolet illumination. The PCR reaction product was purified using a QIAGEN QIAquick PCR Purification Kit before sequencing both light and heavy strand on a BECKMAN COULTER 2000XL system.
The data obtained were assembled and analysed using DNA-star with SeqMan, EditSeq, and Megalign. Gene sequences were identified by their similarity to other Arthropod (mainly Crustacean and Hexapod) mtDNA sequences. Protein coding genes and mitochondrial rRNA genes were compared to already available mitochondrial sequences, in particular Peneaus monodon (Wilson et al., 2000) . tRNA:s was detected and compared by eye.
RESULTS
The mtDNA of Pandalus borealis is one typical of metazoan mtDNA: a closed circular genome with 15,905 bp, which contains the 37 genes and a non-coding ''control region.'' The gene arrangements seem to be the same as typical crustacean and hexapodan mtDNA, for example those of Penaeus monodon and Drosophila yakuba. The whole mitochondrial sequence is deposited in the NCBI database, accession no: AYXXXXXX.
Knowledge about nucleotide composition and gene order gained from complete sequences of the mitochondrial DNA are useful for inferring relationships between closely related species and deep branches. For example Boore and Brown (2000) used mtDNA sequences to estimate monophyletic status of Pogonophora and the sister relationships of Annelida and Arthropoda. Although mitochondrial genes are evolving rapidly, change of gene order is considered to be a rare event and hence useful in phylogenetic analyses of deep metazoan relationships (Lavrov et al., 2004) . Pandalus borealis is a commercially important species, and it is important from management point of view to for example be able to distinguish between populations.
Large-scale sequencing programs such as those in protists and fungi (Lang et al., 1999 and Gray et al., 1998) , invertebrates (Boore, 1999) , fish (Inoue et al., 2001 and Miya et al., 2001) , and mammals (Arnason et al., 2002 and Cao et al., 2000) have now resulted in over 300 complete mitochondrial genome sequences being available in the public databases. A new database Organellar Genome Retrieval (OGRe) have been created in order facilitate extraction of complete sequence data and provide new resources based on gene order information and codon usage data (Jameson et al., 2003) .
Increasing knowledge about constraint, evolutionary rate, saturation level, etc. for different genes will also facilitate choice of genes optimal for different questions. Sequencing of the mtDNA of this important commercial species will now allow for sophisticated analyses of its phylogenetic position and population variation. To sequence a complete mitochondria is still time-consuming work, but with more sequences available, primer construction, and optimization will become easier. Technical advances will make whole genomic analyses increasingly sensible in the future, and it will open up new ways of phylogeny estimation. Our result is a contribution to this expanding database. 
